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SUWARY

This report Includes tension fatigue test results on
the following types of samples of 0.040-inch alclad 24S-I!:
(1) monoblock sheet Bamples as received and after a post-
aglng heat treatment , (2) ‘sheet efficiencyti samples (two
equall:’ stressed sheets Joined by a slnglo transverse row
of spot welds) both as received and after post-aging, (3)
spot-welded lap-~oint ~s@les as received and after post-
aging, and (4) roll-welded lap-joint samples.

Teats on the sheet material furnish base CUrVeS fOr
the jointed samples aud show the effect of post-a Ing on
the sheet. 1?Post-aging by heating 10 hours at 370 M
raised the yield strength about 25 percent but raised the
static ultimate only about 2.5 percent and did not, in
general, uoasurably increase the fatigue strength values.

Shoot efficiency tests showod the two sheets Joined
by spot welds to havo about 84 percent of the static ulti-
mato strength of th.c sheet material. Samyles gost-aged
aftor voiding had 90 porcont of tho static strength of
tho (post-aged) eheet. On the othor hand, samples tested.
in fatigue showed, for a range in lifetimes from 1~
Cycles to 107 cycles, about 80 percent of the strength of
tho sheet material. The fatigue strengths wero not
greatly affected by post-aging aftor spot-welding.

Eoither poet-aging aftor spot-welding nor post-ag”ing
%oforo s~ot-welding, In gonoral, increased tho fatiguo
strength or thq static shear strength of the spot-we~ded
lap-joint samples. In fact, there appeared a slight
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dooroaso in f&tiguo etrongth at a low (0.25) ratio of min-
imum lomd to maximum load owing to post-aging after spot-
weldin~. . ... .

Roll-weldQ& lap-joint samples appeared slightly
woakor In fatigue (and, exoopt for the 3/8-in. weld-;
egacing, in static tests) than similar mpot–welded sanploo.
Tho diiforenccj between the fatigue strengths of roll-
veldod and of Bpot-veldod samples varioC from O porcont to
18 porcont, but the maximum dlfforonco vas not groator
than tho variation in fattgue strength among commercially
spot-woldod samples.

qho variation in fatigue strength that might bo ox-
pectod in commercial practice is disoussod briefly.

‘lostlng procedures used to obtain tho data given In
this report are descrlbod in roforenco 1.

Thts Investigation, oonductod at the Battello Memorial
Institute, was sponsorod by, and conducted with financial
aSSiBt~~CQ from, the Yational Advisory Committoo for
Aoroaautics.

Acknowledgment is due Mr. X. S. Jenkins of the
Curtias-Wright Corporation, h. Maurice 190110s of tho
Lockhoed Aircraft Corporation, and Mr. T. 2. Piper of
Northrop Aircraft, Incorporated for advice and asslsta~co
in obtc.iaing materials c.nd Jointod samples for this
invostigr.tion.

I. FATIGUE TZISTS 03’ SKdET MATEEUL

Material and Test Pleoos

~osts havo boon made upon alclad 24S-T shoot to fvr-
nlsh lmso curves for tho spot-welded samples and also to
find tho effect of poet+ging upon tho fatiguo proportion
of t:lo U>.oot. Z!O dnto, fatlguo tests have boon mado upon
sheet in tho 0.040-lnoh gago as rcoeived and aftor post-
aging homt treatment of 10 hours at 370*5° H’. A fow sam-
ples mro strotchod 4.3 porcont and then heat-troatod in
the sano manner.

Preliminary tests vith conventionally shaped specimens
contmlnlng a 6ectlon of uniform width gave considerable

A
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trouble with failures in the fillet taection and with soat-
ter of experimental fatigue data. S’igure 1 shows the
types of specimen finally adopted to ov~rcome these diffi-

.. oul.t&es. - The specimen was-inexpensively cut with a 12-
Inch fly&outter and a vertical feed on a milllng machine.
Results in fatigue tests have been very consistent and
reproducible.

Calculations Indicate that, for the region (*1/4 in.
from the center line) where all breaks have oocurred,
stress concentration faators are lesis than 1.038 Over
this region, the cross-iaectlon area varies less-than 0.2
percent. It, therefore, seems legitimate to oompute the
etress as load divided by cross-section area at the center
(to witkin the estimated S-percent precision in measuring
and maintaining loads). Comparison of results of tests
(both static tensile and fatigue) on the present specimens
with results for conventional specimens shows good agree-
ment. l??e chief difference in results is the reduced
scatter in fatigue tents.

Table 1 gives the reBults of static tensile teats on
samples of each group and figure 2 shows stress-strain
curves frou these teOtie. It may be noted in table 1 that
aging snmples at 370* 3’ for 10 hours increased the yield
streagth* 25 percent but increased the static ultimate
only 3 percent. Siuilarly, aging samples of sheet that
had been stretched 4.3 percent raised the yield and the
static ult~mate the same amount as heat treatment without
previous cold working.

5!he nicrostructures of the sheet as received and as
post-aged are shown in figure 3.

~atigue Test Results

Table 2 gives the results of fatigue tests’ on the
sheet la the as-received condition, and figure 4 shows
load-life curves plotted from these data. The small
—- .- ——— . . —..— .—.-

*A1l stress-atraln data were taken with a Z?-inch
exteusoneter. For the samples with continuously varying
section, a slight correction wae made to give the aver-
age strain. Results agreed well with results on uniform
width samples, as Illustrated in fig. 2.
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scatter of the experimental points about the mean our”ves
is ty~yical of results on monoblook samples (of the shape
described) and Is within the estimated experimental error

. ,,.-.,-. 0f’-*3 ~e’~’~e’nt in l~~~’va~u~m” Table 3 gives fatl-gue test
results for the sheet after post-aging.

FIQmre 6 shows load-life curves for sheet as .reoeived.
and for post-aged sheet. The small open circles are re-
sults for the few samples from sheet stretched 4.3 percent
before the post+aglng heat treatment. (See table 4.)
Apparently tho post-aging:

(1) Increased etatic yield 25 percent but static
ultimate only 3 percent

(2) Slightly Increaeed’ the fatigue strength (about 5
percent) at E = 0.’75 (for which the static
component of load Is high)

(3) Did not, in general, increase the fatigue strength
in tests2a~ ;;g load ratios (Tor R = 0.25
and at cycleg, the fatigue strength
of the post~ged sheet appears actually 12 ~er-
cent lower than that of sheet as received.)

lt must be concluied that the post-aging treatments
uset oil this 0.040-inch alclad 24S-T *#ere not beneficial
in fatigue.

11. SHHZ! EWIC13NCY FATIGUE ZESTS

Tegt Piecee and Static Tests

Fatigue teet results already have been reported in
r’eferouce 2 for samples comprising unstressed (soab) sheets
spot-welded to 0.040-inoh 24S-T alclaa sheets. These tests
have been extended by using two equally stressed sheets of
0.040-iacll alclad joiued. by a center row of spots spaced
3/4 inch apart.

A typical specimen Is shown in figure 6. This ghape
cf a~ectmen is the sama as that used for tests on monoblock .
sam>leam Tests were mde on two sets of samples: (1) sheet
spot-welded as roceivod and given no post-aging, and (2)
sheet spot-welded as received but samples heated for 10
hours at 370° F.
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Static tensile resulte are shown In table 5. The
etroaa-otraln curves* for the sheet efficiency specimens V
stressed and unstressed,,- aged aud. unaged, 12-inch E. or

. .-. . - ‘‘p~rallel-sided sa~p-ler are the same as for sheet speci-
mens. (See fig. 2.)

Spot welde from the stressed attachment sample are
shown in figure 7.

Eesultfi of ~atigue Teets

Ii’igure 8 shows load-ll$?e curves at a load ratio
R zs 0.25 for: (1) monohlock samples , (2) sheet samples
with unstressed attachments, and (3) eheet earnplee with
equally stressed attachments. In each case; eheet and
attachne~t were of 0.040-inch 24S-!l!alolad and were Joined
by three spot welds 3/4 inch apart in a line across the
center. The curve for the unstressed attachment samples
was plotted from data previously re”ported (reference 1,
table 23) supplemented by data on a few samples cut to
the shape showu In flgura 6. However , the unstressed at-
tachment samples were fron different sheet material than
the stressed attachment samples. Data for figure 8 are
givoa la tables 2, 7, and 8.

It is apparent that the spot welds have caused some
strength reduction. The reduction appears much the sane
whether tlm attachment Is unstressed or stressed as much
an the sSeet. It amounts to about 20 percent so that the
sheet efficiency of the spot welded samples is about 80
perceat for R = 0.25. At higher load ratios, the sheet
efficiency is soziewhat higher: namely, 85 percent at
R = 0.50 and 90 percent at E = 0.75. Tho static sheet
efficiency is about 85 percent.

qobles 6 and 7 give data for two sets of eamples of
sheets with stressed attachments:
:(2) Post-aged.

(1) as received, and
.

E’l~re 9 shows load-life curves for the two Beta of
samples of sheets with Etressed attachments: (1) as.-
recelvod, and (2) post-aged. Although the post-aging

%tress-strain curveo were again taken with a 2-inch
exteasomoter. The significance of IIyield pointsm In sheet
efflcleacr specimens Is a question that may well detaorvo
more attentioa In the future.

—
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heat treatment Increased the static failure strength about
11 percent, the sheet efficiency samples show no signifi-
cant fntibne strength change. (Dlfflcultles in loading
the two sheets equally cause a possible error of “6 percent
In each ordinate of each curve, so that differences in the
curves of less than about 12 percent of any load value cun-
not be considered significant.)

3’ailure took place :n stressed attachments along the
periphery of the weld SIU

7
starting at the notch at the

end of the spot (fig. 7(b ). This was the same type of
fatiguo break as that previously noted for welds In un-
stressed attachments (reference 1, fig. 34).

III. !f!XZEFFECT OF POSTAGIHG OH SPOT-WELDED LAP JOIiTTS

Teat Pieces and Static Tests

The effect of post-aging upon the fatigue strength
of spct-uelded lap-joint samples has been tested for
0.040-inch 24S-T alclad. Each sample was made by Jolnlag
two pieces 9 inches long and 5 inches wide by a single
row of c;~ot welds (spaced 3/4 in. between centers) in a
l-inch overlap sectio~.

!?able 9 indicates the several sets of samples used.
Sets 1 n:ld 2 were used to study the effect of ~ost-aging
after welding. Not enough of the same sheet material was
available to study the effect of post-aging before welding.
Accordi:lGly, set 3 was from a different lot of sheet, and
a fel~ san;]les of this different sheet were prepared as
sets 4 and 5 to furnish data for intercomparlson purposes.

Table 9 also gives the static breaking loads of the
various samples. In general, the variation in static
breaking load for eamples as received was greater than
variations noted due to aging.

Figures 10 to 13 show macrographs of typical welds.
Micro-hardness tests showed little change in hardness in
the vnrlous zones ($ee reference 2, fig. 16) because of
any agiag treatment.

.-..
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?atlgue Test Results

gables 10, 11, 12, and 13 show the results of fatigue -
teatB on the variou8 taetm of 6pot-wel&ed lap joints, and
the load-llfe ourveg of flgurea 14, 15, and 16 summarize
the main features of these results.

Figure 14 shbws load-life ourves for samples of the
same sheet material both as received and after post-aging
heat treatment. With one somewhat questionable exception “
@= 0.75 for lifetimes greater than Zd cycles), the
curvee for the samples post-aged after spot-weldlng fall
below the curves for tho”samples as received. In this
instance, post-aging after welding appears to bve lowered
the fatigue strengthe an average of about 8 percent.

Figure 15 shows load-life curves for lap-~olnt samples
from sheet post-aged before epot-welding and for samples
spot-welded without post-aging. The evidence In this case
suggests strengthening St high loads and weakening at
lower loads.

. Jlnally, figure 16 shows results of tests on lap-
~oiut sauples: (1) ag received, (2) poet-aged after spot-
weldi:lG, and (3) post+ged before spot-welding for a load
ratio R = 0.25. Results for higher ratios are somewhat
less definite because of an insufficient number of samples
of the same sheet material; however, the curves for higher
ratios do not seem to offer different results. It appears
that poet-aging before spot-welding ie preferable to post-
aging after spot-welding. Post-aging before welding may
afforti slight strengthening in fatigue for high Ioadsg

PRilure takes place In heat-treated spot weldg and
spot welds In aged sheet In the same manner as has been
found for ordinary spot welds with cracks starting at the
notch formed by the termination of the Internal alclad at
the weld slug and propagating outward toward the external
alclad. (See figs. 10(b) to 13(b). )

IV. ~ATIGU31 TESTS OY UP JOINTS WITH ROLL WXIIDS

Test Plecea, Weld Properties, and Statia Strengths

. .

A few teets have been made to compare the fatiguo
strengths of lap ~olnts ~de with roll welds to the “ :
strengthe of similar joints made with spot welds. Three
sets of roll-welded samples wero tested. Each sample

— —— — .._



cona~steil of two plec”es (6 by 9 In. ) of 0.040-inch 24 S-T
alolad joined by a single row of welds along the center
of a l-inch overlap seotlon. The spacings between weld

.. ..... .. ..centers were 3/8, 3/4, 6tnd 1$ Inches for the” different
groups.

The roll weldts mhowed the same structural character-
istics as conventional spat welds. In general, roller
spots had considerably more indentation and showed a
greater dlfferenoe between longitudinal and traneverfle
dimensions than conventional spot welds. In all cases,
the

$!
reatest weld diameter was in the direction of roll-

1ng peripheral rotation of welding wheel, table 14).
The YIC-C set (l~ln. weld epacing) showed the greatest
deviation In this respect.

}
See fig. 17(a).) Macrographs

of welds from samples with 3 4- and 3/8-inoh weld spacings
are shown In figures 18(a) and 19(a).

Table 14 gives statio shear strength values of the
roll Weld.so The streagth per spot decreased with decreas-
ing spot spacing as for conventional welds. 3’or spot
welds (see reference 2, fig. 7), the statio strength per
inch of joint seemed to have a maximum for a spacing be-
tween 3/fl and 3/4 inch. Qn the contkary, the roll-welded
Joints withstood Incraaslng loads with deoreaslng weld
spacing to and including the 3/@-inch spacing.

7fclds whioh failed In fatigue are shown In figuroe
17(b), lQ(b), and 19(b). B’atigue cracks occurred In tha
same position and manner as for conventional spot welds=
Craoks started at the notch formed by the Internal alcl~d
la~or at the end of the weld button and propagated through
the shoot toward the outer wlclad surface. Tho cracks
showed soue tendencies to follow weld boundaries. Failure
always took place along the least dimension of the weld
(trc.nsvorse to the direction of rolling and in the direc-
tion of the applied stroes). ~xceptlonally long and thin
llpots (0.g., fig. 17(b))fallod outeide the weld slug; this
was also a typioal failuro for conventional spot welds of
eimilar dimensions.

Patigue Test ReFults

Tables 15, 16, and 17 show load-life data for roll-
welded lap ~olnts.
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~i~o 20 shows load-life curves for lap joints with
roll valda epaced 3/8 Inch apart. Eor comparison, curves
(taken from referenoe 2, ftg. 6) for spot-welded lap
joints aro shown on+he tsame figure. ~igurea 21 and 22
~how similar sets of load-life curves for samples with
weld spacings of 3/4 inch and of l+ inches, respectively.

‘Epfore drawing conclusions, it 1s well to note two ●

points. First, the spot-welded samples and the roll-
welded samples were from different lots of sheet -terial.
Seoondly, experimental points have been omitted from the
curves. In general, the scatter was small (I.e., within
the 3-percent precision of loading). There was, however,
nomewhat greater scatter for samples with roll welds 1*
inohes apart, possibly produced lIy variations in the weld
dimensions. There was a further discrepancy In the roll-
weldeil sam~les with 3/8-inoh spaced welds; the number of
welds varied from 11 to 14. The variation In number was
due to different edge distances rather than varied spac-
ings and did not so much affect the total strength of the
joint as it did the strength per weld.

It will be observed that, in general, conventional
spot welds appear stronger In fatigue than roll welds.
This coacluslon Is questionable for the 3/8-inch weld
spacinGO Nor this spaciag, roll welds were considerably
stroager in static tests and were weaker in fatigue only
for the 0.25-load ratio. It must be noted (see part V)
that saLlples of different lots of sheet and spot-welded
by different operators show considerable scatter. It
seems possible, therefore, to conclude that roll welds
are not necessarily weaker than spot welds but show suf-
ficient promise to deserve further consideration.

V. VAEL4TIOI?S IM ~ATIf3UE STRENGTHS IR C1010411RCIALWELDING

In a previous report (reference 2, pt. II), sonrs
comparisons of fatigue strengths of samples spot-welded
by various operators were shown. Additional tests now
give a total of SIX sets of samples whioh have been
tested at a load ratio of R = 0,25. Eigure 23 shows all
the experimental points on a load-life diagram. Differ-
ences in weld dimensions, static shear strength of spots,
and proyertles of sheet material are shown In table 16.
(Tables 19 and 20 In appendix I and fig, 24 show the
experimental data and macrographs of spot welds for one

.i -.
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set of aanlplee~ All qtht puints on fig. ’23 arm from
pP0viou8.ly reported data..) The.61 points In f~gure 23
fall within a reasonably well determined scatter band.
Zhe scatter in statio ultimato values ie 36 percent;
while fatigue strength scatter varles”fsom 21 percent at “
short lifetime to 45 peroent at long lifetime. These re-
sults Zndlcate the varlat~on to be expected in oommerolal
practice, owing te different operators using different
maohines$ techniques, and lots of sheet material,

There are”not enough data to e“HtLmate the relative
importance of the tw~ oaueas. Teats on any one Oet of
samples show much less variation from a smooth curve than
tests on samples from different sets show. Zhe udatter
is not reduced by plottlag the ratiOB of fatigue etrengtha
to Btatic ultimate strongtho. This emphaeisee a previously
stated conclusion (reference 2, p. 10) that, owing to dif-
ferences in the nature of failure, high etatio strength of
spot-velded lap joints dees not Imply c!orreepondlngly high
valuee.

At the present time, the relation of weld struoture
and dimensions to fatigue strength Ie not sufficiently
understood to Interpret ouch soatter. Ae has been noted,
the scatter in static rmsults Is about 35 percent, a value
which seems large in view of the Rensselaer finding (ref-
erenco 3) that the scatter for single spots Is about 30
percent. Since the test pieces used here all involved at
least 3 spots, it would be expected that the scatter would
be lese than for single spots, A part of the additional
scatter is probably caused by different welding techniques
and part by differences in material.

Battelle Mmmorlal Jnstitute,
Columbus, Ohio, SIaroh .1944.

. .
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TABLE3.- FATIGUETEST RESUL’lSIOR ALUMINUM MONOBLOCK SAMPUS
POST-AGED (1.000” x().040”)

Maximum Load
SampleNumber D 81 Cyclesto Failure

Ratio .25
-
A2C 7
MC 6
A2C 2
A2C 3
A2C 4
A2C 8
A2C 23
A2C 29
A2C 5

Ratio .50
-
A2C 24
A2C 14
A2C 12
A2C 17
A2C 13
A2C 11
A2C 18

65,000
62,000
60,000
50,000
40,000
32,000
29,000
28,000
28,000
25,000

65,000
65,000
60,000
50,000
47,000
44,000
40,000
36,000

16,700
24,600
22,800
77,300
121,800
304,10C
656,500

6,860,200
638,200

>10,011,200

78,100
22,100
79,300
1191700
335,400
310,300

2,927,600
6,343,200

Rat10 .60
A2C 22 64,000 194,600
A2C 16 56,000 545,800
A2C 20 50,000 748,100
A2C 25 45,000 3,765,200

Ratio .75
A2C 21 60,000 > 5,779,500

TA8LE 4.- FATIGUE TESTRESUL’I!3 FOR ALUMINLIMMONO131DCK
SAMPLES PRE-STRETWED 4$ BEFORE POST-AGING

(1.000nXO.040W)

MaximumLoad
SampleNumber P 6i Cyclesto Failure Remark6

Ratio .25

A4C 9 65,000 13,600
A4C 5 50,0CC 57,500
A4C 7 38,000 143,500
A4C 14 34,000 232,300
A4C 8 30,000 437,000
A4C 10 28,000 3,039,400
A4C 13 26,000 544,500 P06Slble flaW In

machined edge; point
not plotted on curve.

13
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TABLE 5,-STATIC TENSILE STRENGTHS OF%-IQIT EFFICIENCY’’SPECIMENS

Yield Strength+ Ultimate Strength Elongation
TYPe P Si P Si in 2 In.)

Stressed attachment
{unaged) 52,200 55,550 4

Stressed attachment
(aged) 59,100 62,400 2.5

Unstressed attachment
(unaged) 52,000 58,350 5

~~~en witi two-in. gage length extensometer. See footnote on page 50

TABLE 6.- FATIGUE TEST’RESULTS FOR SAMPLES OF 2 SHEETS 2.244” X 0.040”
SPOIWELDED ACROSS CENTER WITH 3/4” WELD SPACING.

(psi)
Sample Number Maximum Load Cycles to Failure

RatioO.25
- 52,000 7,100
CIC 27D 40,000 115,100
Clc m 33,000 87,300
CIC 10D 24,000 981,600
Clc 25D 23,000 1,285,000

RatioO.50
~ 52,000 1,100
CIC 19D 52,000 3?000
CIC 17D 48,000 197,800
Clc 18D 34,000 730,100

CIC 23D 32,000 8,976,600
reload 50,000 30,300

RatioO.60
- 50,000 375,200

Clc 24D 45,000 762,300

——.! ..-.,— .— —..-,-—- --.., ,-,, ,, . . .- , ..-, ..--, ,, .,
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TABLE7.-FATIGUETESTRESULTSFOR SAWLES WITH 2 SRSETS
0.040° SPOIWELDED ACROSS CENTER NITH S/4n WSLD

5PM m
(Post-aged After Welding)

15

2.244* X

>
Smple Wimum Lou!
Number (ps i) CyOleS to Failure

R 0.25

C2C2SD

C2C21D

C2C9D

C2C4D
C~CSID

C2C7D

C2C1OD

C2C5D
C2C1D

C2C8D
C2C3D

C2C32D

c2C6D
C2C 2D

C2C n
Reload

R 0.50

C2C16D

C2C21D

C2C13D

C2C11D

C2C12D

C2C15D

Reload
C2C14D

Reload

54, coo

60,000
46,000

40, coo
S9,0C0

37,000
36,000

34,000
30,000

26,000
24, COO

23,000

22,000
22,000

20,000

40,000

51,000

50,000
46,000

40,000

32,000
28, DO0

40, CO0

26,0C0

40, CC0

22,300
51 ,Cco

50,800

3,4ca
90, OCQ

190,000
179,50Q

173,6CQ
232,400

600,600

255,600
641,000

1,504,300

>10,724,800

114,300

45.000

51,000

242,200

2’40, Oco

866,900

> 9,406, s00

337,1CC

>10,239,200

504,500

R 0.6C

C2026D 57,000 160,000

C2C22D 62,000 268,000

C2C20D 47,000 699,300

C2C24D 44,0CC 7S1,200

CEC19D 39,000 8,’/43 ,400

TABLE 6.- FATIGUE TEST FOR UNSTRESSED ATTACNMSNT SAMPLES

2.244n X 0.040-

Sample ~ximum Lead

N@wr P al Cyoles to Failure Remarks

Ratio Oo 26

6Ae
6A9
6A1O

6B6

6B5

6B14
6A7

6B1B
6A16

50,000
46,000

44, CQ0

40,000

34,000
26,000

22,000
22,000
19,000

S,eoo
8,000

46,300
65,600

246,700

501,700
787,900

1,951,1OC

4,095,500

Fmiled through welds.

n n n

m n w

n ,1 n

n a n

w w n

Ii u II
,, n n

–.a — —
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TABLE9.- STATICZ2iBARSTIWNCIHSOF SPOIWE~D ZAP-JOINTSAHPL8S

Set Humber Sample Ilnmber Sheet Condition Breaking

Material

mad
Total Lb Lb /s pot

1 BIC-lOD 1 A:-received. 3,800 633
B lC-9D 1 n 3,560 691

2 B2C-29D 1 Past aged after welding. 3.880 64S
B2C-30D 1

,, “ ,, ,, 3,620 603

3 2B3c-7D 2 Post aged before welding. 2,960 49S*

4 2B2C-lD 2 Post aged after welding 3,120 620
2B2c-9D 2 m“” f, 3,450 576

6 2B1C-16D 2 As-received. 2,680 447
2B1C-15D 2 ,, “

3,320 653

~ossibl.y sli~htly low due to one poor spot.

TABLE 10. - FATIGUS TEST RESULTS FOR LAP-JOINT SAMPL2S POST-AGED

APTER WSLDING

(Snmples 5WX 0.040n, Spotwelds spaced 3/4’! apart)

Sample Maximum Load Cy&lea to

Numb e r Total Lb Lb /In. Lb /Spot Failure Remarks

Ratio 0.25

B2C2D 2,W0

B2cllD 1, 80C

B2CID 1 ,50C

B2C3D 1,200

B2C4D 875

B2C5D 750

B2c8D 700

B2C7D 67.5

Reload l,5@3

Ratio 0.50

B2C19D 2,250

B2C15D 2,000

B2C14D 1, BOO

B2C11D l,5m

B2C12D 1,200

B2C13D 1,000

B2C17D 900

B2C16D 825

Rat 100.75

B2C24D 2,700

B2C21D 2,500

B2C18D 2,050

B2C22D 1,750

B2C23D 1,500

B2C25D 1,450

Reload 2,500

400

360

300

240

175

150

140

136

300

450

400

360

300

240

200

1s0

165

540

500

410

350

3cKl

290

500

333

300

250

200

146

125

116

112

250

375

333

300

250
Zca

166

150

13s

450

416

343

293
250

242

416

6,50+3

19,100

5B ,900

151,400

525,030

1,629,500

4,000,000

>9,421,400
49,8oo

10,000

39,300

39,800

114,30C

340,8CQ
715, s00

2,166,900

3, BS2,000

21,800

l13,9cm

266, CO0

793,800

3,656,600

10,031,500

54,300

Pulled buttons.

Fatigue crack.
,, n
,, n

u ,,

II II*I

II ,,

Did not fail.
mull

Pulled buttons.

Fatigue craok.
II II

It n

m n

II n

It n

n m

Pulled buttons.
!!!!

Fatigue craeka.
It ,,

n II

Pulled buttonn and

fatigue crack.
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lA3LR12.- FATICWE‘139TEZSNL18FORLAPJOINT*US 2R011SWEET %
FOST-AOEDBH!OR2WELDING

(B6mplea 5“ x 0.040”, spts 3/4” apart)
s

TABU 11.- FATIGOE ~T RIEOLIB FOR ,LAP JOINT SAMPLES AS

RIZEIW~ (SaMPIes 5“ x otwo” , sPOts S/4” aP~t )

~
.%mple Mximonl Iowl

Ntontm Total Lb Lb /In. Lk /S~t OYO1OS to Failura Remerka

Saalple )(XXiMOMUmd

Numtar ‘lbtel Lb Lb /In. Lb /Spot Cycles to Failure Remarks

RatioO.25

BIC 50 2000 333 5,500
15,700
31,000
119,003
324,200
269,700

1,449,a00
1,712,602
4,130,600

13,000
24,400
78,800
92,000
173,502
525,400

1,625,000
2,794,100

>7,534,200
>9,370,600

242,900

7,300

71,600

282,7CQ

795,000

1,334,300

2,5B0,5CU

>9,731,800
234,800

Pulled buttons
“

m

Fatigue cracks
“

m

“

w
*

Ratio Cb25

2230 3D 2300
23X 20 20@3

m
460

400

260

383 7,54XI

39,300

152,500
269,000

426,600

‘7S9,CXIC

1,740,600

3,360,300

>?,533,0CC

Pulled buttons

Fat igue craok
“
w

n

“

*

“

Did not till

BIC 12D W.)0

BIC 4D 16543

BIC El) 1450

BIC 7D 1300

BIC ID 1200

BIC SD 950

BIC 3D 875

BIC 6D 7W

360

3%

300
333275

243

216

200

15s

146

125

250

217

203

167

143

126

112

290 2E.C ID 1500
23?.C 20D 1300

293C 4D 1200

2330 5D 10CC

2E3C 6D 850

2B3C ac 750

2X3C 9D 675

260

240

190

175

150

460

400

370

350

310

250

240

200

170
150

135

Ratio &50

BIC 13D 2300 Pulled buttons

Fat igue cracks
,!

,,

*

,,

“

,,

Rat io 0.50
23X lID 25C0

3a3

500 417 10,200 Pulled buttons

and sheer

Fat igue crack &

Pulled buttons
u

,1

●

“

w

n

BIC 15D 2W0

BIC ML) 1B50

BIC MI 1750

BIC 16D 1550

BIC llD 1250

31C 14D low

BIC 17D 900

BIC 220 850

BIC 2CD 800

Reload E-CO

333

3oa

292

258

208

166

150

142

133

250

500

353 56,0002232 12D .2100 420

128,300
205,200

467,7W

1,014,400

3,618,400

3,791,600

2B3C 13D 1800

2B3C 140 15CQ

23X 15D 1250

2B3C 16D 1050

233C 17D 925

23X 10D 050

36o

300

300

250200
250 208180

170

160

3m

600

Did not fail 210

185

170

6(M

175

154

142“

Rat io 0.75

BIC F.SZI 3000

flat 100.75
2BW 21.D 3oLxl 11,100

91,300
200,700

365,300

625,400
1, B38,5C+3

3,006,500

2, M9,1OO

.% er

Pulled buttons

?ntigue creeks
“

n
“

“

m

Shear end pulled

buttons

Pulled buttme

Fat igue cracks
“

“

“

5m

45a

417

2B3C 26D 2750

233C 223 2500

233C 23D 2200

2B3C 240 1800
2E3C 25C 154X

23X 27D 1350

22X 19D 1300

550

5cmBIC 23D 2700

BIC 22D 2125

BIC 21D 1750

BIC 24D 1500

BIC 26D 1303

BIC 27D 1200

Reload 20W

540 450
440

360

300

270

260

367425 33

292

250

217

200

333

300350
25Q

225

217

300

260

240

4CQ
“
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TABLE 13. - FATICUE Tl!ST RESULTS FOR IAP JOINT SAMPLES
(S~ples 5!’ x 0.040”, spots 3/4” apart)

AS RRC EJYSD

sample b!axtim Load

Number lbtal Lb Lb /In. Lb /Spot Cycle a to Failure Remarks

Ratio 0.25

2B1C 11.D

2B1C ID

2B1C 2D

2B1c 3D

2B1C 5D

2B1C 4D

2B1C 6D

2B1C SD

Reload
2B1C ‘?D

Reload

Ret io 0.75

2B1C 13D

2B1C 9D

2B1C 10D

2B1C 12D

2500

2000

1700

1400

1150

10MI

025

750

1500
675

1500

2300

2000

1500

1400

500
400
340

280

23o
200

165

lWJ
300

135

300

417

333
223

233

192

167

136

125

250

112
2543

460 383

400 333

300 25o

280 233

1,900
6,200

20,600

88,6CQ
339,200

762,903
1,341,600

>9,520,500
111,100

>10,856,CQO
85,700

127,100

411,700

1,554,500

2,710,400

She ar

Pulled but tom

Pulled buttone

k ftiigue craoks

Fatigue cracks
“

“

“

Did not fail

Fatigue crack
Did not feil

Fatigue crack

Pulled but tons

Fntlgue cracks
“

“

TABLE 14. - AVERAGE DIMENSIONS AND STATIC SHBAR STRENG’ilIS OF ROLLER SPOlWELD2

Material Statio Breaking Load Weld Diameter Per Cent of

Specimen Spacing Gags U - /.Sample Lb .-/Spot (Inches) Penetration Remarks

F1C29C 318 “

F1C30C “

F1C29D 3/4 “

F1C30D “

F1C29E 1-1/4”

F1C30E
,,

0.040’1-0.040” 6,580 470 O.199*.O1O(1) 5ot6$ Broke alongside spots.

“ ,, 6,140 440 O.22O*.O1O( 1, 50*l@ “ ,! “

“ ,, 3,380 565 0.180*.004(1) 5@57g Sheared.

,, “ 3,200 535 0.230*.004(2) 63+55 n

,, n 2,280 670 0.130*.0501 (1) 37*6Z ,,

“ ., 2,220 570 0.230*.015(2) 4@b% ,,

(l)Perpendiculnr to weld line.

(2)pW911e1 tO weld line-



2
TARU 16. - FATIGUE TEST RESULTS FOR UP JOINT ROLL-HEXJMZI SAMYL2S

a

(Samples 5“ x 0.040”, welds 3/8a apert)

i

TABLE M.- FATIGU2 TEST RFWZ’fS FUR LAF JOINT ROLL-WLDED SAMPLES
(Samples 5“ x 0.040”,welds 3/4” apart)

sempla Maximum bad Maximum U)d

Number %tal Lb Lb /Io . Lb Semple Numter*
W

/~ld Cyoles to .Failure Remrkn ‘lbtal Lb Lb /In. Lb /Usld Cycles to Failure $

Ratio 0.25

FIC 2D

Rat 10 L125

~14)
FIC 9C ( 13)

FIC 6C ( 14)

, is
12,7CQ GY

14,3430
e

39,500

22,400

321,200

302,2al

469, XXI

755,100

1,367,900

1,604,200

>10,247,600

47, KKl

>9,1’13,100

75,9CKI

1’760 Pulled button a
“

m

Fat igua crack
“

N

“

*

“

R

n

m

“

275+3
2500

550 196
192
143
125
105
92
77
64
65

z
154
46
129

2,50
191
1s3
143
142
la
10?
29
96
23
6s
143
75
166

2S6
250
214
170

292
23s
2XJ
206
166
1*
125
102
100
23
79
70
67

342
300
250

4,90Q
17,600
19,400
55,800
109,Wo
166,100
509,100
Bo2#oca

l,310,7ml
1,549,100
3,405,300
3,059,900
5,566,600

9,300
30,ml
70,100
312,300
411,200
60B,403
724,500

1,139,300
2,242,1M
5,751,600

67,400

181,400
593,800
860,500

2,542sm
3,220,900

>11,136,900
216,.9CQ

FIC 22D
no 5D
FIC ID
FIC 3D

?lo 27D

nc a

Flo m

FLc 7D

Flc m

nc 10C

F1O 9D

nc 213D

155a 310 500

1000 am 400

12m
loot
950
750
650

250
200
190
150
130
120
100
95
24
60

410
360
300
250
230

Flc 2W ( 14)

FIC 4C (13)

FIC 2C (13)

nc lC (13)

FIC 7C ( 14)

FIC 30 (13)

nc 36c (14)

FIC%2 (13)
Raload

Flc5C (14)
Relod

17%

1375 275

1200
1030
900
850
m
750

200
MO
170
la
150

600
500

475
420 2ooc 400

4cm 650 130

1s00
●

Ratio 0.60

Flc 14D

FIC 13D

FIC 11 D

20!KI
lsal
1500
1250
1150

Pulled buttona
w

Fat i@ia arack
W

“

.

i,

“

“

“

%%%%2)
Flc 132 ( 14)

Flc 17C ( 12)

FICllC (14)
FIC333 (14)

3WJ
2675
Zmo

M,7C9
78,400
151@oo
174,600
117,110
450S3W
557mo

$?,659,700
l,327,6m
970,000

>10,516,~
179,wl

>9,cQe,ooo
293,130c

nc m
FICKU

● FIC16D
FIC17D
nc 1s0
m 19D
FIC20D

193
166
141
125
102
100

396

333

2c0c 4’(n3

1000 200 18XI 370
S5a 170

150

lW

120

475

m

310

275

22s

215

2cKl

330

FIC la (A2)

FM 12Z (14)

FIC 14C (14)

nc xc (12)

FIC 2CY2 (12)

FIC 3542 ( 14)

Reloei

Flc 160(12)
Reloa6

1700 340
7% 1500 300

1250 2Xl

200
1S0
403
1s0

600

2375

1150
lti

3%

Ratio 0.75

FIC! 26D Shaar and

pulled buttons

Pulled buttons
*

Fet Igtw cracks
*

a

Did not fail
●

900
2000FIC 21D

FIC MD

FIC 24D

nc 23D

FIC 32D

FIC 330

Reload

amo 400

1530

1375 Rat 10 0.75

FIC 3Z ( 14)1125 187

179

166

292

4000 74,600

543,300

559, m

973,800

1,473,7M

1,102,100

2,103,300

1075

1000

17W

nc 342 (14j

Flc22C (14)
nc 21c (14)
FIC23C(14)
FIC240(14)
FIC25C (14)

3500 700

600

?&l

3ooIi
2500
22CQ
1900
17ea

440 157
136

I350 125

f
●The number in parentheses gives the total number of welds for each 1

eample. Variations are due to varied distance~ of outer welds from

edges rather than to varied weld spacings.

%
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TARLE 17. - ?ATIWE ‘EST RESOLTS FOR LAP JOINT IWLL-WLORD SAMPL2S
(SampLes 5W s 0.040W, welds ly apart)

Sample Maximum bed Cycles to

Numtar l’utal Lb Lb /In. Lb /Spot Failure Remerks

Rat iO 0.25

Flc 56 1300

1200
1100
875

P,60
240
220
175

325

300

275

219

8,700

13,500
20,000

154,000

Pulled buttons
w
“

Fatig~ cracks &
pulled button

“

w

FIC M
Flc 42
?lC 22

FIC 3E
FIC 22

626
YJo

125

100

156
125

892,2oo
3,5’?3,6(20

Rat 100.50

FIG 1= 1500 304)

250

200

165

375

313
2F@

205

12,800

43,400

239,200

463,200

Pulled buttons

Simar & pulled buttons

Fatigue crack
W* and

pulled buttons

FIC 11.2

FIC ME

FIC 13E

12s0

1000

825

163
150

FIC 16S

FIC 14E

Reload

130
120
400

2,731,0ck3

9,230,300

3002000 500 Sb ar

Ratio O.75

Flc 252

FIC 242

FIC 222

2000 400
350
31XI

5C0
438
375

37,900

86,300
260,500

Pulled buttons & shear
“

Fatigue crack arki

puhd button
“

“

,,

17m

1500

FIC 2L2

FIC 23E

FIC 26E

12!XI

1000

850

250

200

170

313

250

213

647,700

1,156,400
7,182,500

TARL3 18. - NELD DIMEWSICNS, STATIC SREAR STRENGTH. AND SHEET STRENGTH OF WO’lWEL02D SAMPIES

Sample Description Static Breaking Weld Diameter Percentage Strength of Sheet Metal

Kmaignntion Spacing Gage kad, Lb /Spot (In) Spot ?ene - Yield Ultimate % ElorIg. Remarka
tration p.s. i. p.s. i. in 2‘*

19 Sound, well

droppad,little

indentation.

18 Sound ,ends of
weld tuper, som

indentation.

17 Sound ,we 11

centered k shap-

ed indentation.

19 Heavy trans-
verse crack-
ing, some in-

dentation.

16 Welds off
center ,peanut

sh6ped.

19 Sound, some in-
dentt.tion,well

uhnpod( even).

set 2 3/4 “ 0.040” 635~0 0.190-0.210 45-50 47,300 66,000

set s “ m 5CQ40 0.170-0.180 38-45 43,950 05,360

Sot 6 “ n 595*5 0.215 35-50 52,500 67,000

Set1 t, ,, 479*1O 0.180-0.190 75-80 48,800 64,300

.

set4

Set 5

m ,1 615*1

H ,, 520*7

0.220-0.240 60-7.0

0.170-0.180 5S-60

51,300 64,750

54,’700 68,500
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SAxs?m”s

Tables 19 and 20 ohow load-life data for two sets of
lap-Joint samples spot-welded under different eonditlona
(i.e. , by a different operator and on E differe::ema::l~)
than any reported previously on this projeet,
these (that of 0.040-in. eheet) is inoluded in the dieeus-
sion in part V of this report. ?he other set of data has
not been discussed, but, upon oomparisoa with data for
other samples of 0.03&=inoh ●heat, shows signs of the same
variation in fatigue strength ac evideneed In the thicker
gage sheet sampleo.

Figures 24 and 25 show photomaorographo of typloal
welds for Eamples lioted in tables 19 and 20, These welds
show no unuoual feature.
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sample Mnximlm Iad Oyolsa to
limhr ibtal Lb Lb /b. Lb an t mimra -b

16W

law

1000

650

730

6%

600

850

500

80W

am

17m

1300

lmo

low

760

625

2375

1750

1600

1250

lWO

1175

4m

960

300

240

1’?0

130

130

lEO

110

100

400

400

340

300

240

200

170

130

126

47s

4W

3s0

am

240

333

31M

a50

200

166

142

las

10B

lm

!m

B3

333

333

283

Zm

au)

166

143

1Z5

104

396

333

a9a

208

200

196

a,aoo

15,300

38,Voo

laa,loo

329,5W

V05mom

1,125,300

1,044,100

1,B32,VO0

9,022,200

9,19B,200

I.B,ooo

14,400

V6,5Q0

14110m

224,BW

6al,500

1,013,900

11Q44,600

4,3WCOO0

va,900

17B,I!O0

435,400

1,011,600

a,v64*600

3,535,400

4,050,200

Pulled buttons

mt lw oraok

w

w

m

9

m

w

n

Did not fail

w

Bhsur

Sbar & pulled
button.
FatigIM omok

9

9

w

9

w

*

Pulled buttam

FatiguaOraok

m

w

m

m

m
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TABLE 20.– FATIGUE TEST P13RLAP JOINT SAMPLES 5’?,
.032’~- .032” 6 ~T WELDS, 3/4” SPACED

MADE BY 00MPANY C

Sample Maximum bad Cyclea to
Nurnber !ktal L% Lb /In. Lb /Spot Failure Rermrka

RatioO.25

B~B lD

B+B 5D

B& 2D

+B 4D

B~B 3D

B;B 6D

B&B loD

Ratio0.75

B;B 12D

B& llD

B:B 7D

~B 8D

B:B 9D

Reload

1500

1250

1000

800

675

550

500

1500

1250

1000

850

750

1250

300

250

200

160

135

110

100

300

250

200

170

150

250

250

208

167

133

112

92

83

250

208

167

142

125

208

2,500

6,600

45,000

220,500

1,095,500

1,204,800

1,546,000

123,800

361,200

1,103,600

2,107,800

10,843,200

302,900

Shear

u

Fatigue cracks

Iv

w

w

u

Ta+igue cracks

w

w

a

Did not fail

Fatigue crack
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APPEBDIX II

i&HODk OY 0B!l!AIRIlW3AED PLOTTI”HG l!XS!CRESULTS

Introduction

In previous reports~ fatigue data have been presented
in terns of maximum load-life curves at constant ratios of
minimum load to maximum load. While families of curves of,
this kind can present all.the Information that can be ob-
tained f“ron direct stress fatigue tests, It is worth while
periodically to reopen the question as to whether the data
are belng”presented in the most usable form. There are
two viewpoints to be considered:

(1) The viewpoint of the fatigue laboratory where
the interest is in getting a maximum amount
of information about a material from a given
number of tes”t pieces

(2) The viewpoint of the designer who wishes to.mhave
the data in the form most convenient for use

That method of plotting which satisfies the first
viewpoint may not necessarily satisfy the second. However
if a sufficiently complete pattern of data is obtained
from one viewpoint, it can always be presented in terms of
the second.

Figure 26 shows a sinusoidal loading curve for
tension-tension fatigue testing. Two quantities must be
specified to determine completely the loading condition;
and three quantities are necessary to represent the load
life. Because of the practical difficulties of represen-
tation of three-dimensional surfaces, it is convenient to
use fanilles of two-dimensional curves. Such curves may
be considered to represent contours of the three-:. . .’
dimensional surface.

The two quantities necessar~ for specifying the
loading coudltion oan be selected in a large number of
ways ● ghe obvious quantities expressible In stress units
are the following:
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‘mln minimum stress

,.,.-IL.. I. -.! smean mean.,stress , -

s
max maximum stress

‘alt amplitude of alternating stress
●

These 4 varlahlee allow for oonslderation 12 types
of load-life curves: (1) 3 types of constant Smin curves,

(with Smean. S-x, or Salt plotted against the number

.of o~cles to failure); (2) 3 of constant Smean; (3) 3 of

constant Smx; and [4) 3 of constant salt .

Other load-life curves may he drawn by holding the
ratio

or the ratio

‘alt =l-R
r — ——~

saean l+E

constant and plotting any one of the four load values
listed above against lifetime.

The fatigue tests made at Battelle 14emorial Institute
on monoblock samples of 245-T alclad aluminum cover the
tensioa-tension load range and a lifetime range from 104
to 107 cycles fairly completely. The load=lifo ourves
also show satisfactorily small scatter. Consequently,
these data furnish excellent illustrations of the general
appearances of the several possible types of load-life
diagrams.

In the following section, there are shown 13 types
of load-life diagrams drawn from the data on aluminum
sheet sanples. It is not believed that all these dia-
gram will be of common use. -

As will be brought out later, It seems probable
that, fron the standpoint of the fatigue test laboratory,
the most useful method of obtaining data on aluminum



alloys appears to be the one of obtaining S-N curves at
constant mean load; however, the advantage are not yet
well enough established to warrant a change In method of

. ..,.- -.’taking data. The ‘other ”types of ‘“curvee illustrated in
fi~ree 27 to 39 have been drawn with the idea that an
aircraft designer might find one method of presentation
more useful than another. It 1s hoped that there will be
comments from the aircraft companies that will aid in
settling on the most useful method of presenting data.

Load-Life Diagrams

Tigures 27 thraugh 39 show varioue load-life diagrams.
Most of the data were taken at oonstant load ratio, end
all of these curves (fig. 2) except those for B = 0.35
and R = 0.55 were completely determined by direct exper-
iment. The curves in the other figures were computed from
the constant E curves. In a few instances, the assump-
tion that the desired curves would have been easily ob-
tained experimentally was checked by loading samples
appropriately and obtaining the predicted lifetimes.

It should be noted that all diagrams are plotted on
a log-log scale and all stress values are in units of
1000 psi. In general, certain limiting values appear on
each diagram owing either to the fact that the maximum
load 5s limlted %y the static ultimate Su or the fact

that the minimum load ie limited (for these tenslon-
tension tests) to a value just greater than zero. Such
limitations are noted upon the Individual graphs.

It might be noted that, of these load-life diagrame ,
figure 36 (curves at conetant mean load) ie perhaps most
directly comparable to the diagrams commonly shown for
reversed stress teste.

Constant Life Diagrams

It also is possible to represent the results by plot-
ting various pairs of the variables against each other for
a constnnt lifetime. Figures 40 through 46 show such dia-
rams.

f)
These representation have two valuable features:

1 !?.heycontribute to an underetandi~g of the behavior of
materials , and (2) they furnish useful means of interpola-
tion between experimentally obtained curvee. In each fig-
ure, the limiting valuee for tension-tension tests are
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in&icated. Of these ~onstant llfe diagrams, figure 45 .
(amplttude of alternating load against mean load) is a

.typ.q.,ofr.ep.re.sentatlonwhiclr often ks been used.- .. ,. .

Concluding Remarks

The most important crtterion in choosing a method of .
plotting the teat reaulta la the uae to be made of these
reaultag It haa already been suggested, however, that
the sane criterion does not necesaarlly apply to ehooalng
the method of taking the data. It la q.u4te poselble to
uae one Bet of working curves In taking the data and to
compute from these the desired aet of “curves for applica-
tion of the results to practice. A reaaonablk criterion
for choosing the working curves Is to select those curvoa
which, booause of simplicity and uniformity of shape,
afford tho slmpleet interpolation between observed teat
points.

This may be iliwstrated by considering a specific
example. Suppose that It la desired to obtain the com-
plete fanily of conetant ratio ourvea (such as fig. 27).
It la quite poaslble to take a Bet of constant mean load
curvoa (fig. 36) ant! to compute from those the constant
ratto curves, and this procodure offors some advantages.
Individur.1 constant mean load curves aro somowhat simpler
In shapo than Individual constant ratio curves (particu-
larly for short lifetimes), and thus It may bo possil!le
to dotoru~ne a single z~nstant moan load curve with fowor
samples. Also, the ccn%tant mean load curves prosorvo
moro nearly tho same shape throughout the family; thla
allows dotermlnation of the complete family from fowor
curvoa than in the case of the constant ratio method.
The rola,tlve simplicity of interpolation la also illua-
tratod by a comparison of the constant lifo diagrams in
figuroa 40 and 45. It appoara that tho constant moan
load method might provo economical of teat specimens and
testing time for the purpose of covering the field of
tension-tension loading.

It should be pointed out, however, that this cholco
of a method of obtaining data cannot be mado in the
absence of any knowledgo of them behavior- of the material.
In another material, it might well ho that the curve
ahapea for constant ratio would bo tho most simple.
J’urthernore , the present argument has been based on the
aasuuption that It Is desired to obtain enough information
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to plot an entire family of curves. If only enough samylos

are avallablf3 to obtain a single curve, it is quite proba-
. . .

ble that some other type of cm~e WOUld be the most ifi Orm-
ative.

. .

,. ..-. .— —
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Figure 1. Photographof a Typical(failed)TestPiece Ueed in FatigueTats.
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Keller’s Etch
1~

(a)

Microstructure

24432
500X

of 24S-T Alclad.

Fig. 3

Keller~s Etch 24433
500X

(b)

Microstructure of 24S-T Alclad after

10 haurs at 370”F.

I Figure 3.

MetallographicStructure of Monoblock Fatigue Specimens.
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FIG. 5.- FATIGUE CURVES FOR 0.040” ALCLAD 24S -T AS RECEIVED AND AFTER

POST-AGING AT 375° F FOR 10 HRS.
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POST-AGING AT 375” F FOR 10 HRS.
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Keller~s Etch

(a)

As received.

24434
lox

KellerJs Etch 24435
lox

(b)

Fatigued.

Figure 7.

Spotwelds From Stressed Attachments (0.040n - 0.040t!Sheet).
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Keller~s Etch 24436

lox
(a)

As-received.

.[,
.,. .

Kellerts Etch 24437
lox

(b)

Fatigued.

Figure 10.

BIC Type Spotwelds (0.040W - 0.040’!Sheet).
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As received.

Keller’s Etch 24439
lox

(b)

Fatigued.

Figure 11.

B2C Type Spotwelds Heat Treated at 370°F After Welding (0.040H-0.040?’~~t).
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Keller*s Etoh 24440
. lox

(a)

As reoeived.

24441
lox

(b)

Fatigued.

Figure 12.

2B1C Type Spotwelds (0.040” -’0.040” Sheet),

!.-
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Keller~s Etch 24442
lox

(a)

AS received.

Keller~s Etch 24443
lox

(b)

Fatigued.

Figure 13.

2B3C Type Spotwelds, Sheet Heat Treated at 370”F
Before Welding (0.040” - 0.040” Sheet).
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Keller~s Etch lox

(a)

As received.

Keller~s Etch 24444
lox

(b)

Fatigued.

Figure 17.

24444

Sectioned tranavemseto
rolling.

24445

Longitudinalto rolling.

Sectioned in direction
of testing-- tranaverae
to rolling.

Roller Spotwelds,l-1/4w Spacing.
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.
Fig. 18

Transverse .to -
rolling.

Longitudinal to
rolling.

Figure 18.

Roller Spotwelds, 314W Spacing.



NACA ARR NO. 4E30 Fig. 19

to rclling.

(a)

AS received.

‘-’-p-x%,,. -. ~~~ ,, -

Keller?s Etch 24449
lox

(b)

22254

Longitudinal to
rolling.

Figure 19.

Roller Spotwelds, 318W Spacing.
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Keller’s Etch 24450
lox

(a)

As received.

Kellerts Etch 24451
lox

(b)

Fatigued.

Fig. “34

Figure 24.

BICC Type Spotwelds (0.040ff - 0.040W Sheet).
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As received.

Keller?s Etch 22453
lox

(b)

Fatigued.

.

Figure 25.

BIBC Type SpotWelds (0.032” - 0.032W Sheet).
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